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Abstract 1 
The aim of this pilot study was to explore the risk of metabolic abnormalities in steel 2 
workers employed in different shift-work rotations. Male workers in a steel factory 3 
(16 employed in a fast clockwise rotation (CW), 18 in slow counterclockwise rotation 4 
(CC), 9 day workers (DW); mean age 43.3 ± SD 6.8 yrs) with at least 5 years 5 
experience in their current work schedule participated. All workers provided fasting 6 
blood samples between 06:00 and 08:00 h for plasma glucose, insulin, apo-7 
lipoproteins A and B (ApoA, ApoB), high and low density lipoproteins (HDL, LDL), 8 
total cholesterol (tCH), triglycerides (TG), minimally oxidized (mox) LDL, C-reactive 9 
protein (CRP), interleukin-8 (IL-8) and serum 25-hydroxyvitamin D (25(OH)D). 10 
HOMA index (homeostatic model assessment) was calculated to evaluate insulin 11 
resistance, beta cell function and risk of diabetes. Information on demographics, 12 
health, stimulants, sleep, social and work life, chronotype (phase of entrainment) and 13 
social jetlag (difference between mid-sleep on workdays and free days) as a surrogate 14 
for circadian disruption was collected by questionnaire. Neither chronotype nor social 15 
jetlag was associated with any of the metabolic risk blood markers. There were no 16 
significant differences in 25(OH)D, ApoA, ApoB, CRP, HDL, IL-8, insulin, LDL, 17 
mox-LDL, mox-LDL/ApoB ratio, tCH and TG levels between the three work groups. 18 
Although we did observe absolute differences in some of these markers, the small 19 
sample size of our study population might prevent these differences being statistically 20 
significant. Fasting glucose and HOMA index were significantly lower in CW 21 
compared to DW and CC, indicating lower metabolic risk. Reasons for the lower 22 
fasting glucose and HOMA index in CW workers remains to be clarified. Future 23 
studies of workers in different shift rotations are warranted to understand better the 24 
differential effects of shift-work on individual workers and their health indices.  25 
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1. Introduction 1 
Epidemiological studies provide evidence of increased metabolic problems in shift-2 
workers (Kantermann et al., 2010; Knutsson, 2003; Monk & Buysse, 2013). 3 
Traditional risk factors such as smoking, sedentary lifestyle, high BMI, triglycerides 4 
and cholesterol, however, do not fully explain the increased health risk in shift-5 
workers (Knutsson, 2003) and findings are often contradictory (Kantermann et al., 6 
2010; Wang et al., 2011). For example, some authors and shift schedule designers 7 
favor clockwise rotation as it is supposed to lead to better adjustment to the shift-work 8 
hours (Hakola & Harma, 2001; Kecklund et al., 2008). However, there is little 9 
consensus whether fast or slow shift rotation, in either clockwise or counterclockwise 10 
direction, is the healthier solution (Frost et al., 2009; Hublin et al., 2010; Kantermann 11 
et al., 2010). Fast clockwise rotation is promoted as being less adverse to health 12 
(Boquet et al., 2004; Kecklund et al., 2008), whereas others have failed to observe 13 
significant differences between shift rotations (Tucker et al., 2000). In addition, de 14 
Valck and colleagues showed no effect of different work rotations on cortisol and 15 
subjective sleepiness (De Valck et al., 2007). It has therefore been argued in these 16 
studies that the type of shift (e.g. that night shifts and morning shifts are worse than 17 
late shifts) might be more important in affecting health than the direction of rotating 18 
shift-work schedules. Shift-work studies addressing differences in worker chronotype 19 
(phase of entrainment), circadian and sleep preferences are emerging (Merikanto et 20 
al., 2013; Selvi et al., 2011), and more research is needed to explore the impact of 21 
individual circadian biology on health in shift-workers. We recently assessed arterial 22 
stiffness, heart rate and social jetlag (the difference between mid-sleep on workdays 23 
and free days) as a marker for circadian rhythm disruption (Wittmann et al., 2006) in 24 
steel workers employed in different shift rotations, providing first evidence of a 25 
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relationship between cardiovascular risk and social jetlag in fast clockwise (forward) 1 
rotating schedules (Kantermann et al., 2013).  2 
 3 
To gain more insight into the relationship between shift-work and cardiovascular risk, 4 
the current exploratory pilot study investigated a number of metabolic risk blood 5 
markers in shift-workers from the same company as in Kantermann et al. (2013). We 6 
assessed plasma glucose, insulin, apo-lipoproteins A and B (ApoA, ApoB), high and 7 
low density lipoproteins (HDL, LDL), total cholesterol (tCH), triglycerides (TG), C-8 
reactive protein (CRP), interleukin-8 (IL-8), minimally oxidized LDL (mox-LDL), 9 
mox-LDL/ApoB ratio (the ratio of modified LDL representing oxidative stress) and 10 
vitamin D. ApoA, ApoB, HDL, LDL are responsible for both cholesterol and lipid 11 
transport and uptake. Cholesterol helps to maintain both membrane structural integrity 12 
and fluidity, and is also a precursor in Vitamin D synthesis. It has further been shown 13 
that low density lipoprotein (LDL) oxidation through myeloperoxidase (MPO; which 14 
is involved in mechanisms damaging the human artery wall) increases the release of 15 
cytokines from endothelial and monocyte cells during both local and systemic 16 
inflammation, thereby being a marker for increased atherosclerotic risk (Boudjeltia et 17 
al., 2006). Triglycerides support transfer of adipose fat and blood glucose from the 18 
liver and C-reactive protein is an acute-phase protein that rises in response to 19 
inflammation. Il-8 is a macrophage and epithelial cell produced chemokine, helping to 20 
target neutrophils and granulocytes to sites of infection, and to induce phagocytosis. 21 
To determine risk of insulin deficiency and diabetes we applied the homeostatic 22 
model assessment (HOMA), which quantifies insulin resistance and beta-cell 23 
function, with lower HOMA values indicating lower diabetic risk.  24 
 25 
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We assessed vitamin D status in the current study because some of the findings of 1 
increased risk of chronic diseases such as cancer and heart disease in shift-workers 2 
may be due to poor vitamin D levels (Chacko et al., 2011; Fritschi et al, 2011). 3 
Although the two published studies (Itoh et al 2011; Ward et al 2011) found no 4 
association between occupational status and vitamin D status, more research is 5 
required on this issue as one of the shift-work studies was conducted in a different 6 
cultural setting and latitude (Itoh et al 2011; Japan) and the other study assessed night 7 
versus day workers but not different shift-work schedules (Ward et al, 2011; UK).  8 
 9 
The current paper therefore compares vitamin D and a number of metabolic risk blood 10 
markers between fast clockwise (CW) and slow counterclockwise (CC) shift-workers 11 
and day workers (DW) at the same steel factory. We hypothesized that social jetlag 12 
arising from different shift schedules could significantly impact metabolic risk blood 13 
markers.  14 
15 
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2. Methods 1 
For details on methods see Kantermann et al. (2013). In brief, data collection took 2 
place at ArcelorMittal Industeel Belgium in Charleroi between October 2009 and 3 
February 2011. The study protocol conformed to the ethical guidelines of the 1975 4 
Declaration of Helsinki and the guidelines for human research (Portaluppi et al., 5 
2010). Approval was given by the Centre Hospitalier Universitaire de Charleroi 6 
(B32520107737) and the University of Surrey Ethics Committees 7 
(EC/2010/11/FHMS). Recruitment was performed via intranet email communication 8 
to staff (1100 workers at that time) and oral communication between foremen and 9 
workers. Participation was voluntary, not compensated, and informed consent was 10 
obtained. 11 
 12 
2.1 Participants 13 
Sixteen fast clockwise (CW), 18 slow counterclockwise (CC) and 9 day-shift workers 14 
(DW) (mean age 43.3 ± SD 6.8 yrs) participated. Figure 1 illustrates the work 15 
schedules. Work times for all shift-workers were 06:00 - 14:00 h (morning shift), 16 
14:00 - 22:00 h (late shift), and 22:00 - 06:00 h (night shift). Allocation of new 17 
workers to either shift pattern was solely dependent on job vacancies. Shift-workers 18 
did not switch between schedules. The temperature of the steel was 1400-1500 °C for 19 
the clockwise workers (CW) and 1200 °C for the counterclockwise group (CC). Day 20 
workers (DW) were involved in both work processes and/or office work during the 21 
daytime hours between 08:00/09:00 and 16:00/17:00 h. Day workers had either never 22 
worked shifts or had not worked shifts for at least five years. 23 
 24 
Figure 1 about here 25 
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2.2 Data collection using questionnaires 1 
All participants provided information on demographics, work schedules, health 2 
problems, and stimulant consumption (results reported in Kantermann et al., 2013). 3 
Chronotype was assessed with the Munich Chronotype Questionnaire for shift-4 
workers (MCTQshift) (Juda et al., 2013), to calculate each worker’s time of mid-sleep 5 
on free days after the late shift (MSFscL, corrected for the sleep deficit on the late 6 
shift) and average amount of social jetlag (difference between the time of mid-sleep 7 
on workdays and mid-sleep on free days) per shift-work cycle (Kantermann et al., 8 
2013; Wittmann et al., 2006).  9 
 10 
2.3 Blood samples 11 
Fasting blood samples 06:00 - 08:00 h were provided by the participants during one 12 
morning shift (either after a number of morning shifts or days off) and centrifuged at 13 
3000 rpm for 10 minutes. Plasma samples were aliquoted and stored at -80°C until 14 
assayed. Plasma glucose was assessed by an automatic analyzer using a glucose 15 
oxidase enzyme immobilized onto a membrane. Plasma insulin was determined by 16 
chemiluminescent assay (Invitron Ltd, Monmouth, UK). Serum 25(OH)D was 17 
measured by liquid chromatography mass spectrometry. Apo-lipoproteins A and B 18 
(ApoA, ApoB), high and low density lipoproteins (HDL, LDL), total cholesterol 19 
(tCH), triglycerides (TG), C-reactive protein (CRP) and interleukin-8 (IL-8) were 20 
measured by standard laboratory techniques using a programmable logic controller. 21 
The Friedewald-Formula was used to calculate LDL (= tCH – HDL – TG/5). 22 
Myeloperoxidase modified LDL (mox-LDL) was measured with a sandwich ELISA 23 
kit (Moguilevski et al. 2004; Zouaoui Boudjeltia et al. 2004). Antibody specificity 24 
was assessed by the comparison of LDL oxidized with peroxinitrite (0, 10, 100, 1000 25 
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µM) and LDL oxidized with MPO/hydrogen peroxide/chloride. Other oxidants 1 
produced by MPO such as HOSCN/¯OSCN, HOBr/¯OBr, and HOI/¯OI (from 2 
MPO/hydrogen peroxide/corresponding halide) were also used for LDL oxidation and 3 
test of LDL specificity. As a proxy for oxidative stress the mox-LDL/ApoB ratio was 4 
calculated. These markers are measures for endothelial function and re-modeling 5 
(tCH, TG, ApoA, ApoB, HDL, LDL), and inflammation (CRP, IL-8, mox-LDL, mox-6 
LDL/ApoB ratio). Participants were advised not to eat and to only drink water for at 7 
least 12 hours prior to the appointment. A list of foods to avoid containing 8 
antioxidants (e.g. red cabbage, bananas, fruit juices) was provided to each participant. 9 
In addition, participants were advised not to smoke for at least 3 hours prior to the 10 
appointment and not to carry out heavy exercise (e.g. cycling, running) on the day of 11 
the blood sample.  12 
13 
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2.4 Data Analysis 1 
Data analysis was performed using IBM SPSS Statistics Vs.20 for MAC. Parametric 2 
(ANOVA, ANCOVA) and nonparametric (Kruskal-Wallis) statistical analyses were 3 
performed as appropriate after subjecting the data to the Shapiro-Wilk test to verify if 4 
the data were normally distributed. All demographic variables were expressed as 5 
mean ± standard deviation (SD) and blood measurements were expressed as mean ± 6 
standard error of the mean (SEM). Homeostatic model assessment (HOMA) was 7 
calculated using the HOMA calculator from the Diabetes Trials Unit of the University 8 
of Oxford to quantify insulin resistance and beta cell function. Linear regression 9 
analysis using Enter method was applied to test for associations between all assessed 10 
metabolic parameters and age, BMI, chronotype, social jetlag and number of 11 
cigarettes per day as confounders. All p values were 2-tailed and statistical 12 
significance was set at a value < 0.05. Final number of participants per group varied 13 
because only complete data sets per variable have been analyzed. 14 
15 
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3. Results 1 
The three work groups (CW, CC, DW) did not differ significantly in age, body mass 2 
index (BMI), waist-hip ratio (WHR), chronotype (MCTQscL), average sleep duration 3 
on workday and free days, number of years employed at the company and total 4 
number of years working (Table 1). As expected, shift-workers had significantly more 5 
social jetlag  (p = 0.001) than day workers (Table 1). There were no significant 6 
correlations between age, chronotype and social jetlag with the assessed metabolic 7 
risk blood markers when analyzing all subjects together, except for a significant 8 
positive association between age and LDL (r = 0.504, p = 0.001; Pearson correlation). 9 
Analyzing these associations separately for each working group showed a significant 10 
positive correlation between age and LDL in the clockwise workers (r = 0.649, p = 11 
0.009; Pearson correlation). In the counterclockwise workers, age and MOX-LDL 12 
was significantly negatively associated (r = -0.503, p = 0.033; Pearson correlation). 13 
There were no significant associations between chronotype, social jetlag and the 14 
collected blood risk markers (adjusted for age) in the three working groups. 15 
 16 
Table 1 about here 17 
 18 
There were no significant differences in insulin, 25(OH)D, ApoB, HDL, LDL, tCH 19 
(ANOVA), ApoA, TG, mox-LDL, mox-LDL/ApoB ratio, CRP, IL-8, (Kruskal-20 
Wallis) levels between the three work groups (Table 2). Levels of 25(OH)D were 21 
highest in non-shift workers, but the difference between these workers and the shift 22 
workers did not reach statistical significance (Table 2). Table 2 also shows the 23 
percentage of workers “at risk” due to their blood levels being outside the standard 24 
reference values. 25 
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Table 2 about here 1 
 2 
Fasting glucose was significantly reduced in the group of fast clockwise rotating shift 3 
workers (4.6 mmol/l ± 0.23 SEM) compared to the slow counterclockwise shift 4 
workers (5.7 mmol/l ± 0.24 SEM) and day workers (6.1 mmol/l ± 0.31 SEM; all 5 
ANCOVA; covariate: BMI) (Figure 2). The calculated HOMA index was 6 
significantly reduced in the fast clockwise rotating shift workers (1.1 ± 0.2 SEM) 7 
compared to the day workers (1.9 ± 0.2 SEM), but not compared to the slow 8 
counterclockwise shift workers (1.7 ± 0.3 SEM; all ANCOVA; covariate: BMI) 9 
(Figure 3). The findings remained statistically unchanged when including age and 10 
number of cigarettes per day as covariates to the model (data not shown). 11 
 12 
Figure 2 about here 13 
Figure 3 about here 14 
 15 
Analysis using a linear regression model did not reveal significant associations 16 
between age, BMI, chronotype, social jetlag, and number of cigarettes per day and the 17 
assessed metabolic risk blood markers (Tables S1 to S13), except for levels of LDL 18 
that showed a significant association with age (Table S6). 19 
20 
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4. Discussion 1 
The current study is the first to assess the risk of metabolic abnormalities in shift-2 
workers employed in different shift systems in relation to chronotype and social 3 
jetlag. Except for lower fasting glucose and HOMA index in the fast clockwise 4 
rotators, there were no significant differences between the groups in the metabolic 5 
risk blood markers. Within the group of clockwise workers we found a significant 6 
correlation between age and LDL levels, which was also supported by the linear 7 
regression analysis for all workers combined. For the counterclockwise workers we 8 
found a significant correlation between age and mox-LDL levels. These findings are 9 
in agreement with previous studies showing that age is one of the main risk factors for 10 
adverse metabolic status. However, albeit statistically insignificant, there were 11 
absolute differences in the blood risk markers between the work groups, which could 12 
be informative for future studies. On one hand, lower fasting glucose levels may 13 
contribute to a smaller risk for metabolic abnormalities in workers in the fast 14 
clockwise rotation, which would support other reports promoting this type of work 15 
schedule as less adverse (Boquet et al1., 2004; Kecklund et al., 2008). On the other 16 
hand, in our study fasting glucose levels were highest in the non-shift working control 17 
group. In addition, HOMA index was lowest in the fast clockwise rotating shift-18 
workers indicating greatest insulin sensitivity status and a lower risk of diabetes. Both 19 
these findings are at odds with the general assumption of shift-work being a risk of ill 20 
health, whereas none of these values are outside the normal range for healthy subjects. 21 
This is an exploratory pilot study and running studies in the field is notoriously 22 
difficult to control. In the same workforce we recently reported an association 23 
between social jetlag (a surrogate for circadian disruption) and arterial stiffness, 24 
which was significant in the group of the fast clockwise workers at the company 25 
THE COPYRIGHT OF THIS VERSION OF THE ARTICLE IS THAT OF THE AUTHORS 
 
PUBLISHED CITATION: Kantermann T, Duboutay F, Haubruge D, Hampton S, Darling AL, Berry JL, 
Kerkhofs M, Boudjeltia KZ, Skene DJ. The direction of shift-work rotation impacts metabolic risk 
independent of chronotype and social jetlag - An exploratory pilot study. Chronobiol Int. 2014 
Sep 4:1-7. [Epub ahead of print] 
(Kantermann et al., 2013). Future studies are needed to disentangle potential 1 
differential effects of shift-work schedules on health. From our study reported here, 2 
one could suggest that the same shift-work schedule (fast clockwise rotation) is 3 
associated with some adverse health outcomes (cardiovascular risk status in our 4 
previous study) but not to all (glucose and HOMA index in the present study). 5 
 6 
To control for the workers’ circadian phase we carried out all the blood sampling 7 
during one morning shift, either after a number of morning shifts or days off. The 8 
times of sampling were comparable between the groups. However, although eating 9 
and drinking (except water) was not allowed for 12 hours prior to blood sampling, we 10 
cannot fully exclude the possibility of non-compliance in some participants. 11 
Controlling food intake is extremely difficult in a work-based community study, and 12 
might have confounded the glucose and HOMA analysis. Indeed, glucose and the 13 
glucose level derived HOMA index are the most susceptible to food intake amongst 14 
the parameters assessed. In addition, day workers had either never worked shifts or 15 
had not worked shifts for at least five years, hence we cannot fully exclude the 16 
possibility that some of the day workers did work shifts at some point in the past prior 17 
to these 5 years. Despite these limitations, most findings of the current paper are in 18 
broad agreement with experimental studies that have compared different shift 19 
rotations under laboratory conditions. The results of Boquet and colleagues, for 20 
example, showed no significant difference between experimentally induced short 21 
duration clockwise and counterclockwise shift rotation in shift-work naïve subjects 22 
(Boquet et al., 2004). From investigations on sleep, social life and circadian rhythms 23 
such as body temperature, melatonin and cortisol, many authors and shift schedule 24 
designers favor clockwise rotation as it is supposed to lead to better adjustment to the 25 
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shift-work hours (Hakola & Harma, 2001; Kecklund et al., 2008). Constant routine 1 
experiments support these findings showing significant adverse effects on metabolism 2 
and the cardiovascular system from simulated shift-work induced circadian 3 
misalignment (Scheer et al., 2009) and ill-timed physical activity (Scheer et al., 2010). 4 
In the current study, work tasks of the two shift-work rotations (CC, CW) differed 5 
only in regard to the specific role within the working process, but were assumed by 6 
the company to be equally intensive with the same amount of work strain. However, 7 
lack of prospective longitudinal field studies focusing on chronic health effects in 8 
shift-workers employed in different shift-work schedules limits the conclusions of our 9 
and these previous studies. Prospective shift-work studies that include specific 10 
workload and strain could help to characterize the mechanisms potentially linking 11 
shift-work and the risk of metabolic abnormalities. 12 
 13 
Day (sun) light exposure is not only important for circadian entrainment 14 
(Kantermann, 2013; Roenneberg et al., 2013) but also for vitamin synthesis with 15 
vitamin D deficiency due to lack of sunlight being reported to be associated with 16 
osteoporosis, diabetes, cancer and cardiovascular problems (Darling et al., 2013; 17 
Holick, 2007). Previous studies emphasized that the increased risk of chronic diseases 18 
(e.g. cancer and heart disease) in shift-workers might result from poor vitamin D 19 
levels (Chacko et al., 2011; Fritschi et al, 2011). This may be due to night work 20 
reducing the amount of time available for sunlight exposure in the daylight hours. 21 
Indeed, at 50
o
N latitude (corresponding to Charleroi, Belgium, where the current 22 
study was performed) vitamin D can only be synthesised from April to October 23 
between the hours of 10:00 to 15:00 h. Although we did not assess light exposure 24 
profiles in our participants, we can speculate that day workers may be able to get sun 25 
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exposure during lunchtime breaks in the summer whereas night workers are likely to 1 
be asleep at this time. This effect may still be detectable in the winter as wintertime 2 
vitamin D status relies largely on vitamin D produced in the previous summer. In our 3 
current exploratory pilot study, the levels of vitamin 25(OH)D were not significantly 4 
higher in the day workers compared with the two groups of shift-workers. Using the 5 
50 nmol/L definition of vitamin D sufficiency (as recommended by the US Institute of 6 
Medicine, 2011) 63%, 47% and 57% of day, CC and CW workers, respectively were 7 
classified as sufficient in vitamin D. The equivalent percentages using the 75 nmol/L 8 
definition were 13%, 13% and 14%, of day, CC and CW workers, respectively being 9 
classified as sufficient. Therefore, the degree of vitamin D deficiency in this study 10 
depends on the definition of vitamin D sufficiency used. The level of deficiency in all 11 
the workers is high when the 75 nmol/L cut off for sufficiency is used. However, in 12 
terms of worker schedule and vitamin D status, this study shows only a small 13 
difference between the three working groups. The lack of a statistically significant 14 
difference in vitamin D status seen here in our pilot study between day workers and 15 
shift-workers supports other findings in Japanese male factory workers (Itoh et al., 16 
2011). It also supports UK research that has found that working patterns of men are 17 
not associated with their vitamin D status (Ward et al., 2011). Since our study was 18 
performed during winter months, very low or even no vitamin D production must be 19 
assumed. It is likely that the vitamin D status of the factory workers would be higher 20 
in the summer months. Therefore, it is possible that in the summer a larger difference 21 
between the day workers and shift workers may be seen; thus the results of this study 22 
may be season specific. We, therefore, recommend future shift-work studies should 23 
add vitamin D to their assessment repertoire, and assess vitamin D status in different 24 
seasons. 25 
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The finding of no significant correlation between chronotype, social jetlag and 1 
metabolic risk blood markers might be related to the small number of subjects 2 
investigated. We did our best to control for both local and internal clock time, for time 3 
after wake up and fasting status. However, due to the nature of the different shift-4 
work schedules it is not possible to test these workers under exactly the same 5 
conditions. Finally, the aim of our exploratory pilot study was indeed to find out how 6 
different shift rotations impact the body. In addition, it remains possible that the small 7 
number of subjects limits generalization of our findings. However, we think that the 8 
results presented here are reliable evidence to inspire future research and will allow 9 
power calculations for carrying out larger scale studies. Previously we have shown in 10 
a comparable number of workers a significant interaction between social jetlag, heart 11 
rate and arterial stiffness (Kantermann et al., 2013). Furthermore, little is known about 12 
the effects of the speed of shift rotation (fast versus slow) on cardiovascular and 13 
metabolic risk and we can only speculate on these aspects. To resolve this latter issue 14 
one would need two additional rotation groups to be studied, one in a fast 15 
counterclockwise and another a slow clockwise rotation shift. 16 
 17 
In conclusion, in our exploratory pilot study we found that fasting glucose and 18 
HOMA index were lowest in CW workers, possibly pointing towards a healthier 19 
metabolic status in the group of clockwise rotating workers. Future studies should be 20 
more rigorously controlled with an investigation on the impact of food intake on these 21 
measures in the shift work environment. Our findings from this pilot study support 22 
future scrutiny in studies of shift-workers in different shift rotations to further 23 
elucidate the interaction between work times, sleep and lifestyle.  24 
25 
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